While the clinical findings of cocaine-induced enteropathy from mesenteric ischemia are fairly well understood, there is a paucity of imaging description and detail in the literature that describes these findings.
CASE REPORT
A 49-year-old African American male presented to our hospital with complaints of a 2-day history of sharp constant lower quadrant abdominal pain. The patient had associated green bowel movements without diarrhea, nausea, or fever. The patient had experienced a previous similar episode one year previously. The patient's history was negative for possible predisposing causes of diffuse abdominal pain such as exposure to infection, prior surgery, or atherosclerosis. The patient initially denied illicit drug use. The initial vital signs were unremarkable. A physical examination was performed and revealed diffuse abdominal pain with mild focal tenderness to palpitation in the lower quadrants. Laboratory analysis revealed a normal serum lactate of 0.8 mmol/L. The patient's urine drug screen was positive for cocaine and marijuana. Upon further questioning, the patient admitted to smoking crack cocaine prior to the episode of abdominal pain. Additional history revealed a similar episode of abdominal pain one-year prior, which was also similarly preceded by cocaine use.
A CT examination with intravenous contrast was performed through the ED for the patient's diffuse abdominal pain and revealed extensive wall thickening throughout the mid and distal small bowel in long contiguous segments with mucosal enhancement (Figures 1 and 2 ). Additional findings included mesenteric vascular congestion and free fluid in the perihepatic space. The cecum demonstrated minimal wall edema, while the remainder of the colon was relatively unaffected (Figures 1, 2) . The remaining abdominal and pelvic viscera were normal in appearance. There was no fatty infiltration of the bowel wall, skip lesions, mesenteric adenopathy, or "creeping fat" to suggest an inflammatory bowel process such as Crohn's disease. Imaging demonstrated patent vessels without mesenteric atherosclerotic calcification. The patient was admitted to the medicine team for observation and conservative treatment. The gastroenterology team was consulted for evaluation of the patient's symptoms and recommended a dedicated CT enterogram and supportive care.
After 24 hours, repeat CT imaging was performed with intravenous and oral contrast. The examination was performed with a positive oral contrast agent (presumably due to clerical error as we use negative contrast such as VoLumen for CT enterography at our institution). The CT images at 24 hours demonstrated complete resolution of the free fluid and abnormal small bowel findings (Figures 3 and 4) . No significant imaging abnormalities were noted and a diagnosis of cocaine-induced mesenteric ischemia was made. The patient was discharged home in good condition and was counseled to discontinue his cocaine use.
Cocaine enteropathy is a phenomenon that has been described in the medical literature along with other causes of reversible ischemic bowel disease [1] [2] [3] . However, there have been no reports of the imaging findings of cocaine-induced enteritis.
The following search terms were entered into PubMed for a literature review: "cocaine enteropathy," "cocaine enteritis," "cocaine induced gastrointestinal ischemia," "'cocaine enteritis' and CT," and "cocaine and 'mesenteric ischemia.'" Even though several reports of cocaine-induced mesenteric ischemia were found; however, none had clearly documented imaging findings during and/or after the event.
The pathophysiology of cocaine-induced ischemia is fairly well understood.
Cocaine inhibits the reuptake of norepinephrine at presynaptic terminals, which subsequently leads to catecholamine accumulation at postsynaptic membranes [1] . Some of the effects of the catecholamine surge are tachycardia, vasoconstriction and hypertension. Vasoconstriction can lead to ischemia, which in turn involves multiple organ systems. Another mechanism of ischemia includes cocaine's vasoconstrictive effect on the arterial endothelium via changes in calcium channels [1] .
Symptoms of acute mesenteric ischemia are variable but can include: nausea, vomiting, diffuse abdominal pain out of proportion to the physical examination, diarrhea, and hematochezia [8, 9] . Abdominal complications from cocaineinduced ischemia include: abdominal pain, bowel infarction, bowel perforation, hemorrhage, and other visceral ischemia [2, 3, 6] . Death has also been reported [5] .
Imaging characteristics of mesenteric ischemia on CT examination include bowel edema, mucosal enhancement, venous engorgement, mesenteric free fluid, and dilatation of the lumen. Advanced ischemia can lead to bowel infarction, mural hemorrhage, pneumatosis intestinalis, free intraperitoneal air, and portal venous air. Bowel wall edema will typically manifest as thickening greater than 3 mm and can have decreased attenuation [4] . Typical thickness in the setting of mesenteric ischemia is 8-9 mm [4, 11] . Mucosal enhancement can result from either venous occlusion or secondary hyperemia after bowel ischemia, as it is in this case. However, in the setting of acute arterial occlusion, mucosal enhancement would not be expected [11] . Mesenteric free fluid as it pertains to cocaine-induced bowel ischemia can be related to inflammation of the ischemic tissue. After a prolonged period of ischemia, adynamic ileus can lead to dilatation of the small bowel [11] .
The differential diagnosis for acute mesenteric ischemia is extensive. Most causes of mesenteric ischemia can be grouped into five broad categories based on pathogenesis: reversible causes, arterial occlusion, venous occlusion, strangulation due to mechanical forces, and direct insult to the mesentery from trauma, vasculitis, cytotoxic drug exposure, or radiotherapy ( Figure 6 ) [13, 14] .
Common reversible causes of mesenteric ischemia include hypovolemia and hypotension. Additionally, vasoconstrictive agents, such as cocaine, amphetamines, ergot derivatives, vasopressin, and digoxin, reduce blood flow to the mesentery [4, 13] . A history of hypotension, volume loss, or exposure to vasoactive drugs should help narrow the differential.
Arterial occlusion leading to subsequent small bowel ischemia is often the result of a central embolus from a cardiac arrhythmia or valvular disease traveling into the mesenteric arteries, in addition to thromboembolic phenomena within the native mesenteric vessel. On imaging studies, filling defects within the artery and arterial luminal irregularities are important discriminators for arterial occlusion [4, 13] .
Venocclusive causes of ischemia are often more subacute in presentation, and risk factors for mesenteric venous occlusion include slowed venous transit from portal hypertension or right-sided heart failure and hypercoagulable states, which have long been associated with a risk of venous thrombosis. In the setting of venous occlusion, the bowel wall typically has decreased attenuation, unless hemorrhage is present. Adjacent mesenteric fluid is often also present [4, 13] .
Vasculitis is another cause of mesenteric ischemia that can result from a number of autoimmune vascular diseases, including Takayasu's arteritis, polyarteritis nodosa, and microscopic polyangiitis, among others [13, 14] . The imaging findings are very nonspecific and tend to involve smaller peripheral vessels.
Clinical history is crucial in identifying the pathogenesis of each of these entities. Management of mesenteric ischemia involves supportive care with the correction of the underlying cause, if possible, and potential surgical consultation for exploratory laparotomy and resection of nonviable bowel [3] . In many cases the primary bowel pathology, such as a large mass, infection, inflammation, or small bowel obstruction, may be readily apparent, but findings of secondary ischemia may be overlooked.
Noting ischemia secondary to mechanical strangulation, vasospasm, or extrinsic compression can be important information to a referring clinician and can often guide clinical decision-making. A history of prior abdominal surgery or known malrotation can be an important clue in raising suspicion for a closed loop obstruction with possible resultant ischemia. Imaging findings of ischemia in the setting of a mechanical obstruction include wall thickening and adjacent mesenteric fluid; however, the enhancement pattern is variable [4] . In the case of a mechanical obstruction, a closed loop or "whirl" sign can be seen.
Cocaine is a potent drug commonly found in urban populations and can result in potentially life threatening complications.
The reported lifetime incidence was 34.9 million people in the USA in 2003 alone [7] . The 2007 World Drug Report lists the use of cocaine in the USA at 1.6% DISCUSSION of the adult population using 2006 data. Degenhardt et al report a lifetime prevalence in the US of 16% based on the WHO World mental health surveys. As cocaine remains a commonly encountered illicit drug, radiologists should be aware of its potential imaging characteristics and know when to appropriately include it in the differential.
Mucosal enhancement, continuous long segment bowel wall thickening without skip segments, absence of mesenteric lymphadenopathy and "creeping fat," mesenteric free fluid, mesenteric fat stranding, venous congestion, small bowel dilatation, and abnormal attenuation are small bowel findings that when found together are suggestive of mesenteric ischemia. Cocaine enteropathy remains a potential sequela of cocaine abuse and should be included in the differential considerations for bowel ischemia, especially with a history of cocaine use. Can result in resolution of symptoms without permanent morbidity, but can also result in bowel infarction, hemorrhage, perforation, and death.
Findings on Imaging
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